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A NOVEL HIGH VOLTAGE PULSE GENERATOR* 

J. F. F r i i c h t e n i c h t  and D. 0. Hansen 
TRW Space Technology Laborator ies ,  Redondo Beach, Ca l i fo rn ia  

This note desc r ibes  a high vol tage pulse  genera tor  t h a t  was 
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developed i n  connection with research being c a r r i e d  out  on hyper- 
ve loc i ty  impact phenomena!' 
pu lse  de l ive red  t o  a capac i t i ve  load of 100 pf ,  with rise and 
f a l l  times of one psec or less, and a pulse  width range of 10-100 
psec. 
except f o r  t he  output p u l s e 3 u b e ,  and is simple i n  design and 
cons t ruc t ion .  A 3-volt  pulse  is s u f f i c i e n t  t o  d r i v e  t h e  genera tor  
and consequently it can be dr iven d i r e c t l y  from low-level s o l i d -  
s t a t e  c i r c u i t s .  

Our requirements were a 20-kilovolt  

The pulse  generator  conta ins  a l l  s o l i d - s t a t e  components, 

Figure 1 is a c i r c u i t  diagram of t h e  genera tor  which con- 
sists of 2 bas i c  s t a g e s .  The f i r s t  is the  t r a n s i s t o r  s t r i n g  com- 
posed of Q1-3 and its assoc ia ted  c i r c u i t r y ?  
high vol tage pulse  tube. The b ias ing  arrangement composed of 

I t  a l lows the  switching a c t i o n  of t he  t r a n s i s t o r s  t o  occur a s  
descr ibed  b e l o w ,  and a t  t he  same t i m e  prevents  t h e  vol tage ac ross  
any t r a n s i s t o r  Qa from exceeding t h a t  a c r o s s  its b i a s  resistor Ra. 
This  p r o h i b i t s  t r a n s i s t o r  breakdown due t o  excessive c o l l e c t o r -  

The second is the  

while q u i t e  simple, achieves t w o  very important r e s u l t s .  R1-5J 

emitter vol tage.  Diodes D1 - p r o t e c t  t h e  s t r i n g  from spur ious  
pu l ses  f ed  back from the  pulse tube g r i d ,  etc. ,  which might 
des t roy  t h e  s t r i n g  by exceeding the  maximum BVCEO of t h e  t r an -  
s i s t o r s .  
turn-on t i m e ,  and s i n c e  t h i s  is q u i t e  r a p i d  f o r  any diode, ord i -  
nary r e c t i f i e r  diodes may be used. 

The p ro tec t ion  afforded by D1 - depends only upon t h e i r  

* 
This circuit dzvelsped in connection with work being conducted 
on hyperveloci ty  impact phenomena under NASA Contrzet N A S F - ~ ~ ~ .  

Accelera tor  Techniques", Nuclear I n s t .  and Methods (1964) V o l .  28 

2D. 0. Hansen, "Solid S ta t e  High Voltage Pulser", 4158-6005-TU-000, 

'5. F. F r i i c h t e n i c h t ,  "Micrometeoroid Simulation Using Nuclear 

pp 70-78. 
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A p o s i t i v e  r ec t angu la r  pulse is appl ied  t o  t h e  base of Q1 
which t u r n s  i t  on. 
ca r ry ing  t h e  emitter of Qz down a l s o .  
of t h e  base cu r ren t  drawn through R3' 
s i m i l a r  fash ion .  When t h i s  switching a c t i o n  is complete, a l l  of 
t h e  t r a n s i s t o r s  a r e  i n  s a t u r a t i o n .  Upon te rmina t ion  of the  pulse  
a t  t he  base of Q,, t h e  reverse  procedure t a k e s  p lace ,  Therefore, 
t h e  s i g n a l  a t  t he  c o l l e c t o r  of Q, is a negat ive r ec t angu la r  
vol tage pulse  with an amplitude near ly  equal  t o  t h e  supply vol tage.  
This pulse is de l ive red  t o  the g r i d  of t h e  high vol tage  pulse  tube 
by an inve r t ing  1:l pulse  transformer.  

As Q1 comes on its collector vol tage f a l l s ,  
This t u r n s  on Q, because 
Q3 is turned  on i n  a 

The high vol tage pulse  tube is conventional i n  a l l  r e spec t s .  
The pulse  from t h e  t r a n s i s t o r  s t r i n g  is de l ive red  t o  t h e  g r i d ,  
d r i v i n g  it  p o s i t i v e  and s a t u r a t i n g  t h e  tube ,  The p l a t e  f a l l s  
e s s e n t i a l l y  t o  ground w i t h  a r ise  t i m e  determined by t h e  time 
r equ i r ed  t o  charge t h e  load capacitance with t h e  p l a t e  cu r ren t .  
When t h e  pulse is removed from the  g r i d ,  t he  p l a t e  r e t u r n s  t o  t h e  
supply vol tage with a f a l l  t i m e  determined by the  RC t i m e  cons tan t  
of t h e  effe 'ct ive load r e s i s t a n c e  and t h e  load capaci tance.  

The r ise  and f a l l  t i m e s  of t h e  output  pulse  were about 900 

nsec which was adequate f o r  our purposes. If shorter r ise  and 
f a l l  t i m e s  a r e  requi red ,  both s t a g e s  of the  pulse  generator  can 
be improved. Pulse tubes  r a t e d  a t  75 amperes or  more a r e  r e a d i l y  
a v a i l a b l e  and these  a r e  capable of providing r i se  t i m e s  of 50 
nsec o r  less  i n t o  a 100 pf load. The switching t i m e  of t h e  t r a n -  
s i s t o r  s t r i n g  can be improved a l so .  I t  w i l l  be noted t h a t  Q, and 
Q, are turned on with emi t t e r  d r ive ,  and the re fo re  t h e i r  swi tch-  
ing  t i m e s  a r e  l i m i t e d  only by t h e i r  f a "  Q, is switched w i t h  base 

d r i v e  and almost e n t i r e l y  l i m i t s  the  r i s e  and f a l l  t imes of t h e  
s t r i n g .  
and a f a s t  switching t r a n s i s t o r  is chosen f o r  Q, ,  s h o r t  r i s e  and 
f a l l  t i m e s  may be obtained from the  t r a n s i s t o r  s t r i n g ,  Fas t  
switching high vol tage t r a n s i s t o r s  a r e  r a r e ,  but  it is not  

If  t r a n s i s t o r s  w i t h  high f a  a r e  chosen f o r  Q, and Q, 
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necessary t h a t  t he  vol tage d i v i s i o n  ac ross  t h e  t r a n s i s t o r s  be 
equal .  
perhaps 20 v o l t s .  T rans i s to r s  are a v a i l a b l e  with very f a s t  
switching speeds a t  t hese  voltage r a t i n g s .  The pulse  t ransformer 

Q, may be given a small co l l ec to r - emi t t e r  vol tage of 

which a l s o  l i m i t s  the  output r ise t i m e s ,  may be completely e l i m i -  
nated a s  shown i n  Fig. 2 by the use of PNP t r a n s i s t o r s  i n  the  
s t r i n g .  Their output is then a p o s i t i v e  pulse  which may be 
c a p a c i t i v e l y  coupled t o  t h e  g r id .  This a l s o  removes t h e  l i m i -  
t a t i o n  on maximum pulse  length which t h e  t ransformer imposes. 

vw 
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